In this paper, a simultaneous synthesis and assembly strategy was investigated to synthesis the multiple-Pt-nanoclustes-C-shell nanostructures.
Introduction
In general, nanometer-size noble metallic particles with high surface-to-volume ratio contribute significantly to their outstanding physical, chemical and biological properties. However, it is essential to achieve desirable dispersion of smaller metal nanoparticles (NPs) to exploit their functions to the greatest degree, otherwise it will be jeopardized by aggregation of the particles. Recently, the interest toward the hierarchical hybrid nanostructures, especially highly dispersed metal particles in functional matrix, has continuously increased due to their unique structures and excellent properties [1] [2] .
Core/shell nanostructures offer protection to the noble metal cores and are more conveniently to be separated and recycled in terms of catalytic applications. New functionalities can be introduced into these hybrid core/shell nanostructures, which generate a possibility to combine the advantages or distinctive properties of various materials. So far, numerous core/shell nanoparticles have been developed. For instance, Lu and co-workers synthesized a stable dispersion of Au@SiO2 core/shell colloids [3] . Sun et al. prepared Ag@C core/shell nanoparticles with organic-group-loaded surfaces, which improved the hydrophilicity and stability of the microspheres in aqueous systems [4] . Hollow Ag@SiO2 spheres were also fabricated to enhance catalytic activity and stability of Ag NPs [5] . There are many advantages of designing appropriate shell materials in core/shell structure, such as improving the functionality stability and dispensability of the composite, reducing the consumption of precious materials, and so on [6] . The property of these nanoparticles depends greatly on their type, size, structure, morphology, dispersion, and chemical physical environment. However, up to now, noble metal platinum NPs as catalyst types with core-shell structure relative reports are rare.
In this paper, we reports a "green" wet route to obtain core/shell structured composite nanoparticles of carbon and noble metal Pt nanoparticles, using water as environmentally benign solvent and glucose as reducing reagent. The multiple-Pt-nanoclustes-C-shell nanostructures exhibited a highly catalytic activity in the reduction of p-nitrophenol due to the small size, high dispersion, and high number-density of the Pt nanoclusters in the C shell.
Experimental

Synthesis.
Multiple-Pt-nanoclustes-C-shell nanostructures were synthesized by a hydrothermal method refer to the previous report [7] . In a typical procedure, 2.0 g of glucose (C6H12O6·H2O) was added to 20 mL of de-ionized water under vigorous magnetic stirring for 10 min, and 0.010 g of platinum 2,4-pentanedionate was added into the solution and stirred for another 10 min and then transferred into a Teflon lined autoclave (30 mL in volume). The Teflon-lined autoclave was sealed and maintained at 180 • C for 3 h. Then the autoclave was naturally cooled down to room temperature and the Pt -Nano-clusters were collected by centrifugation and washed with water and ethanol alternately, for 3 times. As-prepared multiple-Pt-nanoclustes-C-shell products was dried at 60 • C in air overnight.
Catalytic property
The multiple-Pt-nanoclustes-C-shell nanostructure catalyst was added into 20 mL of p-nitro phenol aqueous solution (5.0 × 10 −5 M) under continuous stirring. A freshly prepared aqueous solution of NaBH4 (1 mL, 0.1 M) was then added in the solution. The progress of the conversion reaction was monitored by recording time-dependent UV-vis absorption spectra of the mixture using a spectrophotometer with wavelength over the range of 275-600 nm.
Characterizations.
X-ray diffraction (XRD) patterns were obtained on a Bruker D8 Advance X-ray diffractometers using Cu K radiation with a scanning step scanning of 0.02 • s −1 at room temperature. The morphology and size of products were characterized on a field emission scanning electron microscope (FESEM, Hitachi S-4800) and a transmission microscope (TEM, JEOL, JEM-2100, 200 kV), combined with an energy-dispersive X-ray spectroscope (EDS) for determination of chemical composition. The catalytic properties of the products were investigated by a UV-vis absorption (UNICO, UV-4802H) spectrometer.
Results and Discussion
Characterization of structure and morphology
As-prepared multiple-Pt-nanoclustes-C-shell products displayed a typical core/shell structure with excellent dispersion ( Figure 1A) . In terms of the multiple-Pt-nanoclustes-C-shell nanostructures, the atomic number of Pt is greater than that of C, which leads to a bright Pt core and a dark C shell under SEM observation [8, 9] . Pt nanoclustes was about 50 nm in diameter with particle size in the range of 2-3nm and C shell was about 20 nm in thickness ( Figure 1B-C) . HRTEM images ( Figure 1D ) illustrates that the lattice distance of the Pt nanoparticle is approximately 0.23 nm, which is consistent with that of Pt (111) plane. EDS spectrum of the multiple-Pt-nanoclustes-C-shell nanostructures reveals that C, copper (Cu) and Pt elements were present (Figure 2) , and the Cu elements came from the TEM grid support. 
Catalytic properties of the multiple-Pt-nanoclustes-C-shell nanostructures
Reduction of p-nitrophenol to p-aminophenol by NaBH4 was employed as a model to evaluate catalytic activity of the multiple-Pt-nanoclustes-C-shell nanostructures. The Pt nanoclusters in the C shell served as electron medium in the system for redox reactions. Usually, Pt nanoclusters exhibit attractive catalytic properties and the C shell can stabilize the Pt nanoclusters. The outstanding catalytic activity of the multiple-Pt-nanoclustes-C-shell nanostructures is attributed to the high number density of Pt nanoparticles. The conversion of pnitrophenol was monitored by UV/Vis spectrometry, recording the change of its characteristic absorbance at λ= 400 nm in alkaline solution. The absorption peak of p-nitrophenol was shifted from 400 to 300 nm immediately, indicating the reduction of pnitrophenol and formation of p-aminophenol, respectively. The reaction could not take place without catalyst, which has been reported by the previous studies [11] . When the multiple-Pt-nanoclustes-C-shell nanostructures was applied as catalyst, the time-dependent absorption spectra shows a decrease in the intensity of the absorption peak at 400 nm and concomitant development of a new peak at 300 nm corresponding to p-aminophenol ( Figure 4 ). It demonstrates that the multiple-Pt-nanoclustes-C-shell nanostructures were capable for efficient in catalytic hydrogenation reaction. 
Conclusions
The multiple-Pt-nanoclustes-C-shell nanostructures were successfully synthesized from aqueous glucose solution through coupled reduction of platinum 2,4-pentanedionate and catalyzed carbonization. The robust multiple-Pt-nanoclustes-C-shell nanostructures catalysts displayed a great catalytic activity in reduction of p-nitrophenol by sodium borohydride due to the Pt nanoclusters with numerous reaction interfaces. Controllable size and monodisperse Pt nanoparticles in matrix exhibit excellent properties and thereby could inspire intensive future research in this area.
